
Keysight M9037A 
Characterizing MEMS Magneto-Impedance 
Sensors Using Keysight E4990A and E4991B 
Impedance Analyzers

–– Excellent accuracy and repeatability
–– Easy evaluation of Magneto-Impedance characteristics
–– A wide variety of design-automation tools and functions
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For an MI sensor, the impedance is low at low frequencies and 
changes rapidly at high frequencies (Figure 3). The instrument’s 
impedance accuracy with sufficient test frequency resolution is 
required to know the true performance of an MI sensor. Keysight 
impedance analyzers have frequency resolution up to  
1 mHz, enabling them to follow rapid impedance changes.
These impedance analyzers have advanced calibration and fixture 
compensation capabilities and offer excellent accuracy and 
repeatability by removing the instruments’ systematic error and 
residual impedance of the test fixture used. 

In addition, the Keysight impedance analyzers display frequency 
characteristics on their screens in real time, which helps users 
analyze the MI characteristics of the amorphous magnetic 
material quickly. (Figures 4 and 5)

A Wide Variety of Design-Automation 
Tools and Functions

Keysight impedance analyzers provide various design-automation 
tools and functions that increase test productivity. The built-in 
programming function allows users to customize the parameters 
to be evaluated and/or to build an automated test environment 
and customize it without an external PC. The data output 
functions corresponding to Touchstone (E4990A) and CITI file 
(E4991B) formats enable much more advanced analysis using the 
external simulator, which improves the device design efficiency.

Introduction

This application brief describes the benefits of using Keysight 
impedance analyzers for device characterization of MEMS 
Magneto-Impedance (MI) sensors and how they improve design 
and test efficiency while offering a wide variety of design-
automation tools and functions.

Keysight Impedance Analyzers

The E4990A covers the range of 20 Hz to 120 MHz and the 
E4991B, from 1 MHz to 3 GHz. These impedance analyzers (see 
Figure 1) offer excellent impedance measurement accuracy and 
are optimum tools for both design and manufacturing test of 
MEMS MI sensors.

MEMS MI Sensor

The MI sensor applies the principle of the MI effect. The imped-
ance of the amorphous magnetic material changes depending 
on the external magnetic field when high frequency current is 
applied. Figure 1 shows the equation of this characteristic. High 
sensitive MI sensors are easily miniaturized into MEMS devices.
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Figure 2. Impedance vs. Magnetic Field

Figure 3. Magneto-Impedance frequency characteristic

Figure 1. Impedance calculation formula for amorphous 
magnetic materials

Z:	 impedance of amorphous magnetic material
a:	 diameter of amorphous magnetic material
ρ:	 ratio resistance
Rdc:	 DC resistance
ω:	 angular frequency of current flow
μ:	 circumference magnetic permeability 
Hex:	 external magnetic field

Evaluation of MI Characteristics of the 
Amorphous Magnetic Material

Evaluating the MI sensor’s sensitivity is very important because 
its sensitivity depends on the impedance change of the amor-
phous magnetic material when high frequency is applied. Figure 
1 shows the equation of this characteristic. High sensitive MI 
sensors are easily miniaturized into MEMS devices.
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Summary

The Keysight E4990A and E4991B Impedance Analyzers are ideal 
test instruments for characterizing MEMS MI sensors. These 
analyzers offer excellent accuracy and repeatability because 
of the advanced calibration function that removes instrument 
system measurement errors and residual impedance of the test 
fixture used. In addition, a wide variety of design-automation 
tools help designers improve the design productivity.

For more information, please refer to the following literature and 
websites: 

–– Keysight E4990A Brochure (P/N 5991-3888EN)
–– Keysight E4990A Data Sheet (P/N 5991-3890EN)
–– Keysight E4991B Brochure (P/N 5991-3892EN)
–– Keysight E4991B Data Sheet (P/N 5991-3893EN)
–– MEMS/NEMS Device Measurement Solution: 			 

www.Keysight.com/find/mems 
–– Keysight E4990A Precision Impedance Analyzer: 			 

www.Keysight.com/find/E4990A
–– Keysight E4991B Impedance/Material Analyzer: 

www.Keysight.com/find/E4991B

Figure 4. E4991B impedance measurement accuracy chart Figure 5. E4990A impedance measurement accuracy chart  



myKeysight

www.keysight.com/find/mykeysight
A personalized view into the information most relevant to you.

Three-Year Warranty

www.keysight.com/find/ThreeYearWarranty
Keysight’s commitment to superior product quality and lower total cost 
of ownership. The only test and measurement company with three-year 
warranty standard on all instruments, worldwide.

www.keysight.com/go/quality
Keysight Technologies, Inc.
DEKRA Certified ISO 9001:2008  
Quality Management System

Keysight Channel Partners
www.keysight.com/find/channelpartners
Get the best of both worlds: Keysight’s measurement expertise and product 
breadth, combined with channel partner convenience.

04 | Keysight | M9037A Characterizing MEMS Magneto-Impedance Sensors Using Keysight 4294A and E4991A Impedance Analyzers - Brochure

This information is subject to change without notice.
© Keysight Technologies, 2007 - 2015
Published in USA, October 5, 2015
5989-6517EN
www.keysight.com

For more information on Keysight 
Technologies’ products, applications or 
services, please contact your local Keysight 
office. The complete list is available at:
www.keysight.com/find/contactus

Americas 
Canada (877) 894 4414
Brazil 55 11 3351 7010
Mexico 001 800 254 2440
United States (800) 829 4444

Asia Pacific
Australia 1 800 629 485
China 800 810 0189
Hong Kong 800 938 693
India 1 800 11 2626
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia 1 800 888 848
Singapore 1 800 375 8100
Taiwan 0800 047 866
Other AP Countries (65) 6375 8100

Europe & Middle East
Austria 0800 001122
Belgium 0800 58580
Finland 0800 523252
France 0805 980333
Germany 0800 6270999
Ireland 1800 832700
Israel 1 809 343051
Italy 800 599100
Luxembourg +32 800 58580
Netherlands 0800 0233200
Russia 8800 5009286
Spain 800 000154
Sweden 0200 882255
Switzerland 0800 805353

Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3 (IT)

United Kingdom 0800 0260637

For other unlisted countries:
www.keysight.com/find/contactus
(BP-04-23-15)


